INTRODUCTION
Over 100,000 patients are diagnosed every year as out-of-hospital cardiac arrest (OHCA) cases in Japan and their number continues to rise, with a 20% increase between 2005 and 2013. These cases account for 2.0% to 2.3% of emergency cases transported by ambulance, as reported by the Fire and Disaster Management Agency (FDMA) of the Ministry of Internal Affairs, Communications, Japan 1 . OHCA cases have become a major public health issue in Japan, a challenge facing preventive public health research as well as emergency medical care.
From a public health perspective, it is important to understand factors that can be potential hazards contributing to the incidence of OHCA. For example, the incidence of cardiac arrests is known to be related to ambient climate conditions, namely low temperatures, which consequently increase the risk of heart disease and the number of OHCA cases during winter seasons 2, 3 . This association concurs with official statistics reported at a Fire and Disaster Management conference on the practical applications of emergency statistics.
Empana et al 4 report that heat waves can also cause a significant increase in OHCA cases.
Once the event occurs, improved survival from OHCA relies on emergency medical care services and largely depends on primary access to necessary medical care such as early cardiopulmonary resuscitation, rapid defibrillation, and integrated post-cardiac arrest care 5 . It is a challenge for emergency medical care providers to providing care as swiftly as possible.
Accordingly, several studies have investigated the extent to which the chances of resuscitation and survival vary over different conditions [6] [7] [8] [9] [10] including the types of symptoms, treatment provided [11] [12] [13] , patients' attributes 14, 15 and situations 5, [16] [17] [18] [19] [20] . These previous studies have mostly utilized monthly observations of OHCA cases that had already occurred to investigate outcomes in relation to emergency care procedures. Despite such active research, the importance of taking pre-emptive actions for OHCA, such as predicting the occurrence patterns of OHCA over time, has been understated 21 . With predictions we could know a priori when the demand on emergency care facilities might increase, allowing us to improve the present emergency protocol for OHCA cases.
It is essential to obtain OHCA and weather data on a finer spatio-temporal scale and detailed background information of patients to be able to identify the daily trends in OHCA and whether there are any particular time periods within which the incidence notably increases. In this study, we examined daily ambulance records of OHCA cases in Japan to 3 identify any temporal patterns in OHCA presentation, taking into account environmental factors such as low and high temperature.
METHODS

Data
Daily ambulance records of OHCA cases were obtained from the All-Japan Utstein registry data of cardiopulmonary arrest patients provided by FDMA. This was a nationwide and population-based registry system of OHCA cases available since 2005, in accordance with the Utstein guidelines 22, 23 . Since all the records were made anonymous by FDMA, according to the informed consent guidelines in Japan 24 we were exempt from obtaining informed consent from each patient to use this dataset. We set the study period from 1st January 2005 to 10th
March 2011 (2,260 days), before the Great East Japan Earthquake occurred, to avoid any heterogeneity induced by the natural disaster. The 701,651 cases were separately analyzed based on sex and the etiology of cardiac arrest (Table 1, Figure 1 ).
The meteorology data were obtained from the Japan Meteorological Agency website 25 . Since the fluctuation of temperature records showed similar patterns for the maximum, minimum, and average temperature among weather stations, apart from a consistent difference in absolute values, we used the daily average temperature observed at a Tokyo weather station in the present analysis. The minimum, 25th percentile, 50th percentile, 75th percentile, and maximum temperature values were 1.3°C, 9.0°C, 16.3°C, 22.9°C, and 32.7°C, respectively, throughout the study period.
Detecting temporal clustering of out-of-hospital cardiac arrest cases
To detect a time period within which the incidence of OHCA became higher than expected, we adopted a cluster detection test widely used in spatial epidemiology contexts that calculates scan statistics under a Poisson model as proposed by Kulldorff et al 26 January, excluding Saturdays and Sundays or ℎ =0 otherwise), and temperature ( ). To account for the effects of temperature, we employed a twofold linear-threshold model 27 : , = max {( − ), 0} and , = max {( − ), 0} for temperature either below the low threshold (cold effects) or above the high threshold (heat effects). These were modeled as lag effects up to days. The model is given as
where 0 , , , , ℎ , , , , are the coefficients to be estimated, but those estimates , , and ℎ , are set to be 0 for the cases = 2005, = 1 (January), = 1
(Sunday) and ℎ = 0 (weekday) as constraints. The time lag was initially set to be six days. To examine whether the incidence of OHCA cases showed any particular temporal clustering, we calculated flexible scan statistics implemented with the restricted likelihood ratio 28 . This was an improved version of Kulldorff's analysis. We set two default arguments of the program: the maximum temporal length of a cluster was set to 20 days and the pre-specified significance level for a restriction was set as α 1 = 0.2. The significance level of the test was set as α = 0.05 and its -value was calculated from 999 replications of the Monte Carlo hypothesis testing.
The regression analysis was carried out using R, version 3.1.2 29 , and the cluster detection test was performed using FleXScan, version 3.1.2 30 .
Adjusted risk ratio for clustered periods of out-of-hospital cardiac arrest
To quantify the increased incidence of OHCA around New Year's Day in particular, we for day . Note that = 0 indicating those days outside the SCP-NY. Here, the length of the time lag and the two thresholds were set to be the same as in Model 1 for each stratum.
The adjusted risk ratio (RR) for the clustered period of OHCA was estimated as exp ( ).
To compare the model performance between Models 1 and 2, we used Akaike's Information Criterion (AIC) 31 . The model with the smaller AIC value was considered to be a better model.
RESULTS
Temporal clustering of out-of-hospital cardiac arrest cases
The prediction of Model 1 highlights a notable increase in the incidence of OHCA cases observed around every New Year's Day over all the strata: MC, MNC, FC, and FNC ( Figure   1 ). This observation concurs with the results of the cluster detection test. Table 2 lists the periods detected with < 0.05. For the MC group, six of the nine periods identified were in fact SCP-NY with = 0.001. This was common across the other strata; almost all the detected periods involved New Year's Day. Strikingly, there were no other shared periods detected among the strata, except the SCP-NY.
High risk of out-of-hospital cardiac arrest around New Year's Day
The RR was calculated for each factor considered in Model 2 ( Table 3 ). The RRs for SCP-NY were higher than for the other factors across all the strata. Figure 1 ). 6 The effect of ambient temperature, low or high temperature relative to the threshold, was also associated with the daily incidence of OHCA. Those days with temperatures lower than the threshold (about 20°C) tended to have a moderate increase in OHCA cases and those with temperatures slightly higher than the threshold (25°C-30°C) showed significant increases in the incidence, apart from the MNC group. The estimated RRs for high temperature and its lag effects, however, were almost 1.0, although some significant coefficients were observed. We note that the re-estimated thresholds of Model 2 showed no change from those of Model 1.
DISCUSSION
We examined the daily records of OHCA cases in Japan and revealed that the incidence of OHCA significantly increased during a particular time of year, specifically around New Year's Day. Further, the adjusted RR of SCP-NY accommodating the other factors (seasons, holidays, and temperature) were 1.3 to 1.6, which suggests that the SCP-NY may cause an increase in the incidence of OHCA. Here, we further discuss plausible reasons causing the increased incidence during the periods detected as the significantly clustered period, SCP-NY, in the context of previous research.
Differences in out-of-hospital cardiac arrest cases between New Year's and other time periods
Utilizing two models (Model 1 and 2) that differed in whether the effect of SCP-NY was considered, we examined the temporal fluctuations in OHCA incidence. The estimated parameters showed little difference between Model 1 and 2. Further, the cluster detection test based on Model 2 identified only the clusters that were not around New Year's Day that were already detected by the test based on Model 1 (data not shown). These indicate the existence of factors that were not accounted for by the present model.
We extended our investigation to look for such factors among the different attributes between the patient groups presenting with OHCA during the SCP-NY period and during the rest of the year. However, few differences were identified (Table A1 and A2 in supplementary material). We have compared the frequency of the cases in January based on patient age, time of the call, witnessed cardiac arrest (i.e. the incident was encountered by bystanders), etiology, return of spontaneous circulation, one-month survival, and regions. The regional comparison included six groups in which the 47 prefectures were merged along with their population size: Regarding the influence of other potential environmental factors, we refer to Omori et al 32 , who investigated the mortality of residents aged over 65 years from 1990 to 1994 in Japan. They report that mortality was linked to respiratory and cardiovascular diseases, as well as the effects of particulate matter and other environment factors that we have not considered in the present study. They had, in fact, illustrated a trend in the number of deaths with peaks in January or February; however, these peaks presented did not coincide with ours in Figure 1 .
McMichaen 33 and Ng 34 reported the influence of temperature extremes on increased mortality. In our model, we considered the temperature effects as relative effects, rather than absolute effects, taking the daily average and its adjacent effects (lags) observed in Tokyo.
The threshold of temperature effects were estimated by maximizing the likelihood of the model. It would also be useful to accommodate local temperature records in the model to pursue a local scale analysis that accounts for the absolute temperature effect. Our model, however, clearly demonstrated an association between low temperatures and increased incidence of OHCA cases, suggesting that our model was capable of accounting for such temperature extremes. The RRs for low temperature effects of the day (lag 0) were 1.02 to 1.07. However, considering the fact that the observed temperature during the detected SCP-NY was not extremely low, we cannot conclude at this stage that the factors discussed in 8 the studies above [32] [33] [34] were the hidden factors causing the increased incidence of OHCA.
These factors could be potential candidates for future studies.
Temperature and holiday effects for significant clusters not around New Year's Day
In contrast, two factors, temperature upper extremes (heat waves) and holiday effects, may contribute to the significant clustering of OHCA cases that did not occur around New
Year's Day. Although the RRs for the effects of high temperature were close to 1.0, the cluster detection test suggests that heat waves may cause increased incidence of OHCA. For example, that the increased incidence may be related to not only high temperature itself but also its abrupt rise.
Furthermore, some major public holiday seasons in Japan, such as those around 5th
May (Golden Week) and 13-15th August (Obon), were detected as periods with significant clustering of OHCA cases for some strata. Although the temperature in mid-August included a recorded heat wave in 2007, we note that the detected increased incidence of OHCA for the FNC group (9-17th August 2007) also overlapped with a common holiday period, Obon.
Another detected period of significant clustering, 6-7th May 2010 for the MC and FC groups, fell between the public holidays of Golden Week and many people may have extended their holiday on those days. During long holidays, people visit their family or go on trips, exposing themselves to unusual situations and/or unfamiliar places that could present potential health hazards. It is notable that many clinics and hospitals, except holiday on-duty doctors, are closed during those holidays. This forces people to alter their routine check-up schedule and may limit access to proper medical care. This could also contribute to the increased incidence of OHCA and may increase the risks associated with underlying diseases such as hypertension and diabetes.
Limitations and future research
In our study, we detected significant clustering of OHCA cases across all strata during the period around New Year's Day almost every year and across some strata around certain public holidays in some years. This implies that the causes of the increased incidence of OHCA in the New Year season include not only temperature and holiday effects but also confounding factors, such as social and cultural activities, which were not included in the present analyses. More detailed information regarding these factors is required for further
investigation.
An update of the Utstein reporting framework has been discussed by the International Liaison Committee on Resuscitation since 2012 to 2014 35 , and new recommendations have been reported 36 . New Utstein OHCA elements that will be recorded include patient demographics, comorbidities, etiology, initial presentation, and bystander response. These elements are new to the current template. The new framework also suggests that information about the location of arrest and whether bystanders are present should be provided. As pointed out by some reports 6, 17 , more than two-thirds of OHCA cases are found at the patient's house, so the suggested additional information will allow us to undertake more detailed investigations regarding factors related to the incidence of OHCA. It will open up new opportunities to enhance our preventive epidemiological research as well as improve the present emergency protocol for OHCA in the near future.
CONCLUSIONS
The incidence of OHCA cases was unexpectedly increased and significantly clustered around New Year's Day in Japan, suggesting that extra emergency medical care may be required for those periods. Our analysis also revealed that collecting patients' information with more detailed individual attributes is essential for identifying the factors contributing to the increased incidence of OHCA during those periods; this will advance future research in preventive public health.
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